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Phenylazo-naphthol (PAN) allergy induces visibly well-de-
fined and late-appearing hyperpigmentation of brownish 
yellow guinea pig skin in clear contrast to dinitrochloroben-
zene (DNCB) allergy, which has very low incidence of hy-
perpigmentation. Skin extract from PAN allergy at 20 - 29 d 
post-challenge exhibited marked melanogenic stimulatory 
effects eH20 release and 14C-thiouracil incorporation) when 
added to cultured guinea pig melanocytes. The time course in 
the appearance of melanogenic factor was definitely consist-
ent with the induction pattern of visible pigmentation. By 
contrast, the addition ofDNCB-challenged skin extract dem-
onstrated no significant stimulating effect on melanogenesis 
in either assay system on any of the post-challenge days 
tested. Assay of intracellular inositol 1,4,5-trisphosphate 
formed through incubation with the melanocytes demon-
strated that the PAN-allergy skin extract at day 28, which 
contains definite melanogenic factors, stimulated the forma-
tion of inositol 1,4,5-trisphosphate that occurs around 50 
seconds in contrast to no or little increase with extracts ob-
P henylazo-naphthol (PAN) allergy-induced pigmenta-tion is known as pigmented cosmetic dermatitis [1] . In brownish-yellow guinea pig skin, this allergy is also found to induce visibly well-defined and late-appearing hyperpigmentation, in clear contrast to DNCB allergy, 
which has a very low incidence of hyperpigmentation [2,3]. Of 
considerable interest is the fact that PAN allergy - induced hyper-
pigmentation clearly differs in its pigmentation pattern from ultra-
violet B (UVB) - or methoxypsoralen + ultraviolet A (PUV A)-
induced hyperpigmentation. The former generally requires as long 
as 30 d for the functionally active pigment cells to increase and 
reach a plateau, in comparison with about 5 - 7 d ofUVB or PUVA 
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Abbreviations: 
bFGF: basic fibroblast growth factor 
CCET: cumulative contact enhancement test 
CT: chorelatoxin 
DNCB: dinitrochlorobenzene 
ET: endothelin 
tained at days 0 and 1 post-challenge. Gel chromatographic 
analysis revealed that the PAN -allergy skin extract at day 28 
contained a newly generated melanogenic fraction with a 
molecular weight of approximately 9000 Da which was a~so 
capable of stimulating DNA synthesis and activating the sIg-
nal-transduction process (inositol trisphosphate formation) 
when added to guinea pig melanocytes. Both stimulation~ of 
melanogenesis and DNA synthesis by the 9000 Oa fractiOn 
were completely abolished by the prior and simultaI1eo~S 
addition of protein kinase C (PKC) inhibitor (H-7) or lts 
down-regulatory agent, phorbol 12,13-dibutyrate (PdBu). 
Taken together, these results suggest that PAN allergy pro-
vides a new mechanism of hypermelanization in whic.h 
endogenous factors synthesized within skin induce the a.ctl-
vation of signal-transduction pathways such as phosphOl~o­
sitide turnover through ligands-receptor binding, resultlll.g 
in the stimulation of melanocytes possibly through the actl-
vation of PKC.] Invest Dermatol 99:482-488, 1992 
irradiation. Similarly, the intensity of visibly induced hyperpigf mentation reaches a maximum as late as 40 d after the onset 0 
allergic contact dermatitis, in contrast to the 11- 14 d required for 
UVB or PUV A irradiation. This prolonged induction period sug-
gests that the cellular repair process subsequent to allergy infla.rn-
mation plays an important role in stimulating pigment cell functlOd' [3]. Because inflammation due to a primary irritation by PAN coul 
not produce hyperpigmentation [3], it seems likely that some spe-
cific factors produced in allergic cutaneous inflammation are red 
quired for the induction of hyperpigmentation. In UVB-induce 
pigmentation, several endogenous factors have been suggested for 
human-melanocyte-stimulating action [4-6]. These are prosta-
H-7: 1-(5-isoquinolynylsulfonyl)-2-methylpiperazine 
Ins(1,4,5)P,: inositol 1,4,5-trisphosphate 
MEM: minimum essential medium 
MSH: melanocytes-stimulating hormone 
PAN: phenylazo-naphthol 
PB: phosphate buffer 
PdBu: phorbol 12,13-dibutyrate 
PKC: protein kinase C 
PMSF: phenyl methyl sulfonyl fluoride 
PUVA: methoxypsoralen + ultraviolet A 
TCA: trichloro acetic acid 
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glandins, leukotrienes, and basic fibroblast growth factor (bFGF), 
which are shown to be produced by keratinocytes after exposure to 
UVB radiation [6,7]. Recently, alpha-melanocyte-stimulating hor-
mone (MSH) has also been suggested as a causative factor for UVB 
pigmentation, based on the fact that UVB radiation causes increased 
expression of receptors for alpha-MSH on guinea pig melanocyte 
plasma membranes [8]. We have recently found that endothelin 
(ET), vasoconstrictive peptide, can be a new mitogen for human 
melanocytes through activation of protein kinase C (PKC) - related 
signal-transduction pathway [9]. However, no intrinsic melano-
genic factor associated with epidermal pigmentation has so far been 
characterized in in vivo situations where epidermal pigmentation is 
being induced by some stimulants. 
In this report, in which guinea pig melanocyte culture was used, 
we have characterized the intrinsic melanogenic factors generated 
by PAN allergy in skin extracts from brownish guinea pig skins in 
which hyperpigmentation is being induced. 
MATERIALS AND METHODS 
Reagents IP3 assay kit was provided by Amersham Corp. 
[3H]([methyPH] dThd, 2 Ci/mmol) and [3H]tyrosine(1-[3,VH], 
40-60 Ci/mmol) were purchased from New England Nuclear 
(Boston, MA). [14CJ thiouracil(2-(14CJ thiouracil, 2 Cijmmol) was 
obtained from Muramachi Chemical Co. (Tokyo, Japan). All other 
chemicals were commercial preparations of the highest purity. 
Preparation of Skin Extract The discs of guinea pig skin biop-
sied by keratotome was homogenized in a fivefold volume of ice-
cold phosphate buffer (PB) (pH.7.4.) containing 1 mM phenyl-
methyl sulfonyl fluoride (PMSF) using a Polytoron homogenizer 
chilled with ice. After removing unbroken tissues by centrifugation 
at 8000 X g for 10 min, the supernatant fraction was further sub-
jected to centrifugation at 105,000 X g for 60 min to obtain skin 
extract for further biochemical assay. 
Melanocyte Culture Guinea pig melanocytes were established 
from the flank skin of newborn tortoiseshell guinea pig. Briefly, 
epidermal sheet was peeled from the skin after incubation with 
1500-2000 U /ml dispase at 37°C for 2 h and at room temperature 
for another 2 h, and epidermal cells were dispersed after treatment 
with 0.05% trypsin-0.02% ethylenediaminetetraacetic acid 
(EDTA) solution at 37°C for 30 min. The dispersion of epidermal 
cells was filtered with sterilized gauze to remove stratum corneum 
layers and, after centrifugation at 2800 rpm for 10 min, was cul-
tured under the sealed conditions in Falcon 25 cm2 dish (Primaria) 
with minimum essential medium (MEM) supplemented with 10% 
fetal calf serum (FCS), 10 mM non-essential amino acids, 100 U/ 
ml penicillin, 100,ug/ml streptomycine, 0.5,ug/ml fungizone, 
16 nM phorborester (PMA), and 10 nM choleratoxin (CT). After 
24 - 48 h of primary culture, the culture medium was replaced with 
new medium containing an additional 100 ,ug/ml geneticin (G-418 
sulfate, Gibco) and the culture continued for 7 -10 d to remove 
contamination of fibroblasts. After removal of fibroblast cells, mel a-
nocytes were cultured in the previous medium excluding geneticin 
for 2 months with medium exchange every 3 d. For the beginning 2 
months, melanocytes were subcultured by trypsin treatment every 2 
weeks. After melanocytes began to grow definitely, melanocyte 
culture was carried out in the absence of PMA and CT. 
Assay of Melanogenesis Melanocytes were cultur~d in the 
MEM medium excluding PMA and CT for more than 1 week, and 
after trypsin treatment were seeded into a Cohning 12-well plate at 
the concentration of 1-2 X 104 cells/500 ,ul/well, followed by the 
simultaneous addition of test samples at 100,ul/ml concentration 
for 24 h. For assay of melanogenesis [9,10], 2-thio-2-14C-uracil was 
diluted by Hanks' solution and subjected at 0.5 ,uCi/ml concentra-
tion into one well to culture for 24 hat 3rc. Incorporated labeled 
thiouracil was counted by liquid scintillation counter after cells 
were washed twice with PB (0.1 M, pH 7.2), followed by trichloro 
acetic acid (TCA) treatment and solubilization with 1 N NaOH. In 
another experiment for melanogenesis assay [11], L-[3,5-3H] tyro-
sine was diluted by Hanks' buffer and injected at 1.0,uCi/ml con-
centration into one well of melanocyte culture. After culture for 
24 hat 3rC, 500,u1 of medium was transferred to an experimental 
tube into which TCA was added to become finally 10%. After 
incubation for 1 - 2 h at 4 ° C and centrifugation, 500 ,ul of superna-
tant was subjected to Dowex SOW X 12 (50-100 mesh) ion-ex-
change column (2 ml) to remove unreacted tyrosine, followed by 
elution with 1 ml distilled water. Five hundred microliters of the 
elution was measured by liquid scintillation counter. 
DNA Synthesis DNA synthesis of melanocytes was measured by 
the incorporation of 3H-thymidine. Melanocytes were plated in 
24-well trays at 1- 2 X 104 cells/500 ,ul/well. Fifty microliters of 
chromatographic fractions from skin extracts were added to melano-
cyte culture for 24 h and cells were rulse-labeled with 1 ,uCi of 
methyPH-thymidine [25 ,uCi/mmol for the last 4 h of the 24-h 
incubation period. Incorporated labeled thymidine was counted by a 
liquid scintillation counter after cells were washed twice with PB, 
followed by TCA treatment, and solubilization with 1 N NaOH. 
Sensitization Method All procedures in the induction of an al-
lergic reaction were performed as previously reported [2] using the 
cumulative contact enhancement test (CCET) of Tsuchiya et al 
[12]. In brief, an area on the back of tortoiseshell guinea pigs (weight 
250 - 300 g) was shaved with electric clippers and then with an 
electric razor. As sensitization procedures, the 24-h closed patch test 
using 0.3% PAN or 1% DNCB in ethanol was performed in 10 
animals every third day for 2 weeks (maximum, four applications). 
An injection of Freund's complete adjuvant was intradermally ad-
ministered before the third closed patch test. An untreated group of 
five animals was used as a control. Eleven days after the last patch 
test, challenge procedures were performed daily for 1-3 d by apply-
ing 0.01 ml of ethanol solution containing 0.1% PAN or 0.3% 
DNCB to three non-treated areas on the back of the guinea pigs. 
The reaction was evaluated over a period of 43 d using the criteria 
that will be described later, and biopsies were taken to prepare skin 
extract. In time course studies, eight different areas of each animal 
were challenged sequentially by daily 0.1 % PAN applications for 
3 d or single 0.3% DNCB application from day 1 through 28 fol-
lowing sensitization procedures of 0.3% PAN or 1.0% DNCB. 
Figure 1. The appearance of hyperpigmentation induced by PAN allergy 
on several post-challenge days in contrast to DNCB allergy, which shows no 
hyperpigmentation. Each number of days represents days following the last 
challenge procedure. COllt, no challenge treatment. 
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Evaluation of Skin Reaction [3] The pigmentation was ob-
served according to the following scale: (O), no reaction; ± (0.5), 
minimal visible pigmentation; + (1.0) , moderate pigmentation; 
++ (2.0) , intense deep pigmentation. Calculation of the skin reac-
tion was performed by averaging total scores from 30 reaction areas 
(10 animals, each possessing three separately treated areas). 
Measurement of Mass Contents ofIns(1,4,S)P3 [9] For insitol 
l,4,5-trisphosphate [Ins{l,4,5}P31 assay, cells were seeded in 24-
well culture trays at a density of 3 X 104 -105 cells/ ml and cultured 
for 24 - 48 h. The media were aspirated and the MEM containing 
10 mM LiCI was added and incubated for 10 min at 37"C before 
stimulation with skin extract. The skin-extract stimulation was ter-
minated at designed times by adding 10% p~rchloric acid and the 
samples were kept on ice for 15 min. After neutralization with 
ice-cold 1.5 M KOH for 60 min on ice, the samples were centri-
fuged at 2000 Xg for 10 min to remove KCl04 precipitate. The 
supernatant samples (100 III each) were subjected to Ins{l ,4,5)P3 
assay using a IP3 assay kit (Amersham). The content oflns{1,4,5)P3 
was quantitatively determined from the calibration curve by using 
the binding protein specific for Ins{1,4,5)P3 and [3H]Ins{1,4,5)PJ. 
Gel Chromatography One hundred microliters of the skin ex-
tracts were applied to TSK-2000SW (7 .5 X 600 mm) equilibrated 
with a phosphate-buffered saline (PBS). Elution was performed 
with the same buffer at the flow rate of 0.8 ml/min, and 0.4 ml 
fractions were collected under the control of Bio-Rad HRLC sys-
tem. Both melanogenic and mitogenic activities of each fraction 
were evaluated for a 24-h incubation period at 100 Illjml concen-
tration according to the method described earlier. 
RESULTS 
PAN-allergy-induced hyperpigmentation began to appear on 
post-challenge day 19 and became well defined on day 28, whereas 
D N CB allergy did not elicit hyperpigmentation during the same 
period of time (Fig 1). To examine the possibility that soluble fac-
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Figure 2. Melanogenic activity of skin extract from PAN allergy at several 
days post-chall enge, as shown by release of 3H20 and incorporation of 
I4C-thiouracil into cells when incubated for 24 h with skin extract at 
100 Illjml concentration in guinea pig melanocyte culture. Bar, SO from 
three experiments. Asterisk, p < 0.05 compared to non-treated. Control, 
medium control; non-treated, non-challenge procedure (equal to 0 d). 
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tors released from PAN-sensitized skin are responsible for inducing 
hyperpigmentation, skin extracts obtained from PAN-challenged 
areas on several post-challenge days were added at indicated con-
centrations to melanocyte culture to evaluate the stimulating effect 
on melanogenesis. Melanogenesis as measured by JHzO release and 
14C-thiouracil incorporation was slightly enhanced by the addition 
of skin extract obtained on post-challenge days 7, 16, and 19, and 
markedly by one obtained on post-challenge day 28 (Fig 2). ~o 
exclude the possibility that tyrosinase, which might be included In 
skin extracts, acts on the incubated JH-tyrosine to release JH 20, the 
extract at post-challenge day 28 was also added to a cell-free system 
under the same experimental conditions . Results showed that there 
was no detectable level of JH20 release observed in the absence of 
melanocytes (data not shown). In contrast to the stimulating effect 
of PAN-challenged skin, the addition of DNCB-challenged skIn 
extract to the melanocyte culture demonstrated that in both assay 
systems there was no significant stimulating effect on melanogene-
sis through all the post-challenge days tested (Fig 3). Experiments at 
different concentrations of the PAN-allergy skin extract at post-
challenge day 28 indicated a dose-dependent melanogenic stimula-
tion in both assays (Fig 4) . 
To examine the possibility that some melanogenic factors act on 
melanocytes through ligand-receptor interaction, we have ~xa~­
ined the cellular response of melanocytes to the addition of s~n 
extract by measuring changes in Ins{l,4,5)PJ levei after incubatiOn 
with guinea pig melanocytes. As shown in Fig 5, the PAN-al~e:gy 
skin extract at day 28, which exhibited a high melanogenic actiVIty, 
was found to exhibit a quick increase in Ins{l,2,4)PJ levei around 50 
seconds post-incubation. Compared with other skin extracts .ob-
tained at days 0 and 1 post-challenge, they induced no or h.ttle 
increase in Ins{1,4,5)PJ level at the indicated incubation time 
(Fig 6). 
The active skin extract was further fractionated by gel chromatog-
raphy (TSK-2000SW) to clarify their biologic properties when 
added to guinea pig melanocytes. Analysis of each fraction by mea-
suring melanogenic activity (Fig 7 A) demonstrated that the s~tn 
extract obtained from PAN allergy at 28-d post-challenge contatnS 
three melanogenic fractions with different molecular weights {a~­
proximately 56,000, 31,000, and 9000 Da as demonstrated in FIg 
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Figure 3. Melanogenic activity of skin extract from ONCB allergy at 
several days post-challenge, as shown by release of 3H 20 into medium and 
incorporation of14C-thiouracil into cells when incubated for 24 h with sktn 
extract at 100 Illjml concentration in guinea pig melanocyte culture. Bar, 
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challenge procedure (equal to 0 d). 
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9), as shown by both the increased release of3H20 into medium and 
the increased incorporation of 14C-thiouracil into cells. Further-
more, the three fractions were also found to stimulate DNA synthe-
sis of guinea pig melanocytes. By contrast, similar gel-chromato-
graphic analysis using skin extract obtained at day 0 post-challenge 
(without challenge procedure) (Fig 7B) indicated that the skin ex-
tract also contained melanogenic fractions with 56,000 and 
31,000 Da but lack a 9000-Da fraction as compared to that at day 
28. Fig 8 shows further confirmation that there is no involvement 
of tyrosinase that might be present in skin extracts, in 3H20 release 
assay, indicating that there is no activity in the absence of melano-
cytes in clear contrast to a marked increase of 3H20 release in the 
presence of melanocytes . 
Finally, using these fractionated active substances, we have tested 
the possibility that the melanogenic fractions act on melanocytes as 
growth factor-like substances, resulting in the activation of a PKC-
related signal-transduction process that may lead to melanogenic 
stimulation. Figure 10 shows that, when added to guinea pig mela-
nocytes culture, each fractionated melanogenic substance signifi-
cantly increased the concentration of Ins(1,4,5)P3 with different 
time courses. Inhibition and down-regulation studies of protein 
kinase C with its specific inhibitor H-7 and down-regulatory agent, 
PdBu[13] (Fig 11) revealed that both stimulations of melanogenesis 
and DNA synthesis by 9000 Da fraction (Fr III) were completely 
abolished by the prior and simultaneous additions of PKC activa-
tion-interrupting agents. 
DISCUSSION 
Inflammation is one of the most potent stimulants for cutaneous 
melanin pigmentation. After exposure to lights or chemicals (UVB, 
PUVA, PMA), melanocytes are activated, proliferate, and produce 
melanin figment, leading to cutaneous melanin pigmentation 
[2,14 -16 . Evidence has accumulated to indicate that chemical me-
diators such as arachidonic metabolites [4,7] or growth factor-like 
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Figure 7. Gel-chromatographic analysis (TSK-2000SW) of skin extract 
from PAN allergy for melanogenic and mitogenic activities of each fraction 
as measured by both 3H20 release into medium and incorporation of 14C_ 
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challenge. B, Skin extract at day 0 post-challenge (without challenge proce-
dure). 
substances [6] that are secreted during inflammation could be re-
sponsible for stimulating the function and population of melano-
cytes. It was suggested that prostaglandin E2 plays an essential role 
in the stimulation of melanogenesis [4]. Leukotriene C4 also stimu-
lates the proliferation of melanocytes [5]. These observations are, 
however, largely based on experiments using cultured human mela-
nocytes or animal skins in response to applied chemicals or growth 
factors . There are few in vivo reports that measure the levels or the 
biologic activities of eicosanoids and growth factors in direct rela-
tion to the onset of melanin pigmentation. 
The possible role ofkeratinocytes in controlling melanogenesis is 
suggested to be through some growth factors secreted by keratino-
cytes. It has been reported that human melanocytes are considerably 
stimulated to proliferate in the absence of phorbor ester by the 
addition of cell extracts from proliferating keratinocytes, which is 
abolished by the concomitant addition of antibody against bFGF [6]. 
IL-1 is also documented to express alpha-MSH receptor in cultured 
melanoma cells [17], and UVB irradiation is known as an inducer of 
IL-1 [18]. The addition of IL-1 into cells is known to enhance 
keratinocyte prostaglandin synthesis [19]. However, no one investi-
gated the soluble factors responsible for melanogenesis in an in vivo 
system. The present study demonstrated that specific melanogenic 
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factors are produced within skin following a time course of hyper-
pigmentation due to PAN allergy. This melanogenic factor is char-
acterized by its properties of stimulating both melanogenesis and 
DNA synthesis in cultured guinea pig melanocytes. Of considerable 
interest is the fact that the skin extract with a high melanogenic 
activity also elicits a significant and rapid increase in subcellular 
Ins{1,4,5)PJ levei on incubation with guinea pig melanocytes, ind.l -
cating a possibility that the skin extract contains some intrinSIC 
biologic factors by which signal-transduction pathway is activated 
through ligand-receptor interaction. Because the stimulation of . 
melanin synthesis by the skin extract is observed at the same con-
centrations as those required for stimulation of signal-transduction 
pathway, it is highly likely that the observed biologic action of the 
skin extract on guinea pig melanocytes is deeply associated with the 
increased phosphoinositide turnover that occurs through receptor-
ligand interaction. Available biologic evidence [20] indicates that 
the production ofIPJ is intrinsically accompanied by the generation 
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Figure 9. Determination of molecular weight of three melanogenic frac-
tions from PAN -allergy skin extract. 
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Bar, SD from three experiments. 
of diacylglycerol, which activates PKC through translocation mod-
ulation. Therefore, it is possible that melanogenic stimulation in-
duced by PAN allergy is mediated through PKC activation within 
melanocytes by soluble factors secreted during biologic process sub-
sequent to allergic reaction. Several investigators have recently re-
ported the involvement ofPKC pathway in the stimulation of me-
lanogenesis in cultured human melanocytes [21,22]-
Gel-chromatographic analysis of skin extracts clearly demon-
strates that there are at least three melanogenic fractions (Fr I, II, and 
III), which have molecular weights of approximately 56,000, 
31,000 and 9000 d, respectively. of the three melanogenic frac-
tions, the appearance of the fraction with a molecular weight of 
9000 d (Fr III) is found to be specific for the process of pigmentation 
by PAN allergy. Furthermore, the pattern ofFr III in the formation 
ofIns(1.4,5)P3 is very definite and similar in its time course to that 
observed by each skin extract. By contrast, the formation of 
Ins(1,4,5)P3 by Fr I is very weak and the time course by Fr II is very 
slow. Thus, taken together with their properties of high molecular 
weight, it is suggested that Ins(1,4,5)P3 formation by Fr I and II is 
not typical of a phenomenon involved in the activation of the signal 
transduction process through binding of ligands, such as growth 
fac tors, to their specific receptors. The Fr III is also found to exhibit 
a stimulatory effect on DNA synthesis of guinea pig melanocytes 
whose mechanism probably occurs through the stimulation of in-
tracellular accumulation ofIns(1,4,5)P3. Further, both stimulations 
of melanogenesis and DNA synthesis by the Fr III are completely 
interrupted by protein kinase C inhibitor as well as its down-regula-
tory agents, strongly suggesting the involvement of the activation 
of protein kinase C in cellular mechanisms of melanogenesis en-
hanced by the Fr III. Because bFGF, a 17-kDa heparin-binding 
protein, is reported to act through receptor-ligand interaction, re-
sulting in the activation of tyrosine kinase [23], and not to be in-
volved in the PKC-activation J'athway, which is associated with the 
accumulation ofIns(l,4,5)P3 l20], the present biologic properties of 
A B 
0; 
• 
b 
0 
~ 
~ 
Cont Fr-m H-7 PdBu H-7 PdBu 
. 
Fr-m Fr-m 
Cont Fr - III H -7 PdBu H -7 PdBu 
F r - III F r- ur 
Figure 11. Inhibition study of melanogenic (A,B) and DNA synthesis (C) 
stimulations induced by the highly active melanogenic faction (Fr III) in the 
presence of PKC inhibitor (H-7) and its down-regulatory agent (PdBu). 
Twenty hours prior to the incubation with Fr III (50 ,ulj500 ,ul medium), 
H-7 (20,uM) or PdBu (20,uM) was added to the guinea pig melanocyte 
culture. Melanogenesis and DNA synthesis were evaluated by measuring 
3H-H20 release, thiouracil, and TdR incorporations for 26-h culture in the 
presence of H-7 or PdBu after stimulation by Fr III. Bar, SD from three 
experiments. 
MW 9000 fraction do not match those characteristically found with 
bFGF. Other rnitogens for human melanocytes, such as hepatocyte 
[24] and mast cell growth factors, are not likely to be involved in the 
observed melanogenic stimulation by PAN-allergy skin extract be-
cause they are reported to belong to bFGF families and to exert their 
growth-stimulatory effect through the activation of tyrosine kinase. 
Endothelin (ET), which we have recently discovered to be a new 
mitogen for human melanocytes, is very similar in its mode of 
action to that of PAN-allergy skin extract because ET-l and -2 
activate signal-transduction pathways including Ins(l,4,5)P3 for-
mation and Ca++ mobilization in human melanocytes [9]. How-
ever, the molecular properties (MW 2500) of endothelin are not 
consistent with MW 9000 fraction. 
Whereas the significance and precise biologic properties of the 
9000 d fraction in eliciting pigmentation remain unclarified, there 
are no in situ studies on melanogenic-soluble fractions in the well-
known hyperpigmentation process [2] induced by UVB or PUV A. 
Thus, ongoing studies to characterize similar endogenous melano-
genic factors in UVB or PUV A pigmentation may help to clarify 
the role of the newly discovered 9000 d melanogenic fraction in 
pigmentation. 
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